THE DIAGNOSIS of angina pectoris, although fairly simple in the characteristic case, may not be made with certainty under a variety of conditions. In approximately 50 per cent of cases the diagnosis is made chiefly from the history, since objective evidence of myocardial abnormality may be lacking in the early stage. In the absence of a characteristic history, the difficulty in diagnosis may arise from atypical location of pain and simulation or association of angina with functional or extracardiac conditions.
To make a definite diagnosis, we often need all the aids at our disposal. The purpose of this communication is to discuss critically the value of the electrocardiogram in diagnosis and particularly to evaluate the information obtained during as well as after exercise.
We have performed exercise tests both during and after exercise in nearly 4,500 normal subjects and patients with various cardiac abnormalities in the past 4 years (table 1) . Many improvements in the recording technics have been made during this period, e.g., in the type of electrodes, electrode placement, the transmitter, and the receiving apparatus. Variations in results have been reported because of differences in apparatus employed, in electrode placement, and in the criteria of positive findings. The use of patch electrodes has been extremely helpful in obtaining satisfactory tracings.1-6 One may use the standard electrocardiograph with wire connections if the patient is located close to the recording apparatus.7 In our experience, however, varying degrees of interference are observed and the baseline is not as steady as with the telemetering apparatus. The Radio-electrocardiograph employed by us (RKG 100) * has been continually improved during the past 4 years. . ! f f i 4 + ' l ' F * t ' * * * 4 + e 6 | -W > -J ; 4 P y % 4 4°' '^I' .;. .... .s, 0141 X :ti .. 4 t 4t l _ I _ t r _ _ 4 t . s _ _ . ' | _ . e t F ; . _ . < . . t . t : O | . . . , 2 f . + + 4 f , + t 2 w T T t T e . . ' . _ = F -t T T * F w 5 --r --< w * > * 9 * . + 4 The heart performs its maximum work during the period of exercise. In normal human subjects, with the performance of exercise equal to walking on the level at 1U2 to 5 m.p.h., the cardiac output rises to a peak within 1 minute, remains relatively stable during the period of exercise, and returns to a steady resting state within 1 minute after exercise.10-13 In cardiac patients, the cardiac output fails to increase adequately in response to exercise;'8--14 moreover, there is a delay in its retuirn to the conitrol level following cessati-on of exercise. Such a response was observed in patients wvith mitral steiosis, hypertensive patienits withi exertional dyspneta, and cardiac enlargement associated with various pathologic states. 12, 18 These stuLdies indicate that the heart is tinider maximal strain du-ring exercise when the mietabolic demanaids are higher than niormal. It is of interest that electrocardiographic changes often appeared duiring the initial period of exercise and became less marked thereafter despite continiued exercise ( fig. 2) ; I' 1 fig. 3 ). When positive findings appear, the exercise may be stopped imm-nediately, even if pain is not experienced (fig. 4) other criteria were also imposed, the test was positive in 81.7 per cent, but the test was also positive in 19.4 per cent of the normal subjects. Lepeschkin and Surawicz,26 using Master's criteria, found positive tests in 30 selected cases with a previous history of myocardial infarction or typical angina pectoris; but they observed 26 per cent falsepositive tests in 243 noncoronary patients. Hellerstein et al.,46 depending upon the criteria used, observed abnormal responses ranging from 18 to 48 per cent of 92 consecutive patients with rheumatic heart disease and 100 consecutive patients with coronary artery disease. There was no significant difference in the incidence of abnormal electrocardiographic responses in rheumatic or arteriosclerotic heart disease. However, the incidence of abnormal responses varied according to the severity of disease as expressed by the functional and therapeutic classification, regardless of the cause. Friedberg et al.,24 using the criterion of an 0.5. ST-segment depression, observed 68 per cent positive and 12 per cent "false-negative" tests in anginal patients; but, 39 per cent of the nonanginal patients had "false-positive" tests. When 0.75 mm. or more was used as the criterion, the "false-positive" tests were reduced to 21 per cent, but the "false-negative" rose to 27 per cent. When a 1-mm.-segment depression was required for positivity, the "false-positive" tests diminished to 8 per cent in the nonanginal cases, but the "false-negative" tests rose to 43 per cent. In their patients with angina pectoris, Kimura et al. In summary, therefore, the average incidence of a positive two-step test in the presence of coronary artery disease or angina pectoris, or both, as reported by numerous authors ranges widely and lies considerably below that obtained by Master et al. 6' 17, 18, 48 Most of the patients studied in the series mentioned above comprise well-documented cases of coronary disease (either postinfarction or anginal cases6 ' 18, 20, 24, 26, 28 ), e.g., many of Master's cases have been followed for 8.2 to 9 years.'8' 20 However, the two-step test is most purposeful when the clinical findings, including the electrocardiogram, are relatively normal and the diagnosis of angina is in doubt. In such a prospective study coronary disease, if present, is more likely to be in an early stage, and the incidence of positive tests would not be expected to be as great as in the other groups cited by the various investigators. In other words, the standard of comparison employed comprises the electrocardiographic changes in subjects with well-documented and often advanced coronary artery disease; it is then applied to a group with early or incipient disease.
The tolerance to exercise and the electrocardiographic changes differ considerably in the same patient from time to time. Positive tests are not necessarily pathognomonic of ischemia; they may be due to other factors. 35 It is well known that chest pain or discomfort observed during the period of exercise may noticeably diminish or disappear as the exercise continues in some subjects. We have observed many cases in which evidence of ischemia occurred during the first 30 The electrocardiogram after exercise has proved to be an extremely valuable tool in the diagnosis of coronary artery disease. However, it fails to record the events during the actual period of exercise at the time of the greatest stress on the circulation. Recent technics have enabled us to take the electrocardiogram during the period of exercise. Data presented indicate that the electrocardiogram taken during this period of exercise adds much to the information obtained in the postexercise electrocardiogram; at times, this information may be crucial in determining evidence of abnormalities in the exercise study. The tracings may be solely positive or more markedly positive during the period of exercise. Evidence of such changes would be helpful in diagnosis and in the early termination of the exercise test. It is our belief that the complete electrocardiographic exercise study should include tracings taken both during and after exercise, and the data obtained during both of these periods should be available for evaluation.
Although the complete exercise test adds much to the diagnosis of coronary artery disease, the presence of a normal test does not necessarily exclude this state. Evaluation of the tracing taken during exercise is in its infancy. Much still needs to be done relative to (a) more adequate standardization of the type of exercise to suit the individual subject, (b) improvement of standardization of apparatus, (c) standardization of leads and their placement, and (d) more rigid standardization of criteria for normality and abnormality.
